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The invendoo provides a mutated glycosylated pdypepdde which includes at least a pan of the hIgE-Fc diun of sufficieoc lengtfa to 
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of the sites Asn 394. and, if pieseni, Asn 265 and/or Asn 371 beais a g^coside chain. 
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HPrl^ THEREXF: 
Thi3 invention 

p^rt icularly tor poli^eptdaie f ibr ^£gE-' i'^ic^^tor: 
•sii-teavprir'celis • 

i^tlbbdies of the Imm^ iCIg^E) ejtass iti^ 

up a miiiute;;pr^ 

immunoglobulin in normal human seiruiti, . Hdw^yer , their 
act'iviti'es are powerfully amplified: by the cell receptprs to 
which they/ bind, and elevated levels of IgE play a central 
roie in atopic allergy. The biological activities of 
immunocflobulin E (IgE) depend on its interaction with two 
r:eceptors,, Fc€RI and FceRII, expressed on effector cells; 
cross -linking of surface receptor -bound IgE allows antigen 
triggeriilg of cell activation and is implicated in the 
aetiQlbSy of allergic diseases . Antigens bind to the Fab 
regions of the antibody, while thte rejceptors bind to the Fc 
region, comprising a dimer of the three C- terminal domains 
of the e chain; comprising ;the .second> third and fourth 
constant region domains (C62-Ce4) . 

Cross-linking of IgE bound to the: "high affinity" 
receptor, FceRI, on mast cells and basophils leads to cell 
degranulation and the release of pre -formed and newly 
synthesised mediators, responsible for immediate 
hyjpersensitivity and for initiating a leucocyte cascade that 
results in a later inflammatory response. This has been 
reported by Ishizaka at al., Jznmunochemistry 7:687 (1970) 
and Prog. Allergy 19:60 (1975), The so-called "low affinity" 
rieceptor, FceRII, has many activities, including the 
sensitisation of inflammatory cells for IgE antibody- 
dependent reactions, as reported by Capron et al , , Immunol. 
Today, 7:15 (1986), and IgE-dependent antigen presentation 
to T cells by B cells. This latter activity is reviewed in a 
paper by Delespesse. et al. Adv. Immunol. 49:149 (1991). 

It has been reported by Isiiizaka et al. 
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Intmm et ali^, Lancet 

2;; 1:7 (19B8) tliat .IgE,' iS: G^^ jyapain into Fab and Fc. 

fragment sv homologous to those that .result from the 
. fragmentation: of :Ig^.^ that ceil 

riscegtdrs tecq^ps'&Jt^^ :;a disuiphide^bridged 

dimer of fthie tJi£;e^J^^^^ pS 

.ejath e- chain, cpVaierit^ 
: bfetween the "patira^i^^^ 

residues . Evidence to this m^^^^ 

5piegelberg, Adv. D^^^^ 35:: Si. (1984) ,^ as well as by 

Dorrington et a2 . , Inununoi. Rey. 4l:: 3\ (1978) and Helm et 
al. , Eur. J, Iitmiuiibl. .21:1543 (19 is heavily , 

glycosylated, containing 13% by weight of carbohydrate, as 
compared With 3%. .for -IgG ^accordihg to Dorrington et al . , 
Iimunol, Rev. 41:3' ^9781. Th^ tg^ is poteiitia:Hy N- 
glycosylated at iten. 26$ r(C€2 , dcimain) , Asn 371, Asn 383, and 
Asn 394 (all three in the Ge3 domain) . The last of these is 
homologous to the glycosyla^ site in the coifresponding' 
domains of IgG, TglVI and IgD (G 2, C/i3, C62) . Its predicted 
position Is on the apposed faces of the Ce3 domains, which 
are expected to resemble the.: C ; 2. .domains ot lgG in - their 
relative orientatiGn according to Deisenhofer, Bioehemistry 
20:2361 C1981) and Sutton etval. , Bidchem. Sba. Trans. 
11:130 ('1 953 ^: .By contrast, . carbohydrate chaina linked to 
Asn 265, Asn. 383 arid 'Asn: 371 aria predicted to be fully 
exposed on the outer surface of the molecule, .and are 
specific for IgE. 

Recombinant human 'IgE Fc (hIgE-Fc) has been 
expressed in E. coli . as :taught by iCenten et al., Proc. Natl 
Acad. Sci. USA 81:2955^ (1984) and Liu et al,, Proc. Natl. 
Acad. Sci. USA 81:5369 (1984). This product binds to FceRI 
with the same affinity as myeloma IgE (PS) according to 
Ishizaka et al . , Proc. Natl . t Acad. Sci . USA 83:8323 (1986); 
since the E. coli product is non-glycosylated, these results 



imply .that carbohydrate ^does^ not forfn . a part of the/b'ihdi'ng' 
; site f or; Fc^iilv :. Ih^ do oth^jf 

imti^uriogi cbui in ;irec^iieor s whiicfa^ be|^ itnmuhbglobuliri • 

. .sjipei^a^nii^ jC-type .lectin family> 

^d;-iA wa:s the^efpre^^^^^ the 

:Carboh2^drat:fe-.nbi^ nii^^afij^^-^^ thfe case 

connection reference triay *e:mad^ -tp Verc^el^i;, ITature 33arMS 
(X9S9) . In IgGv glycbsylatlon of Ash 2 of 
Asn 3;94 In IgE) is required for yIgG to ;bin^^ with native 
affinity to its IgG-Fc receptors' accdrding to JVbse et al, 
^^6c. Natl. Acad. Sci. USA^80:6l$32:;^(I^^^^ 

et al., Mol.. Inwmhol: 2£:j^6}7 -(^i/SdS): ^airiA^ t^ et al\/ J. 

134:4018 (1^85} , but thM^ix^ to: an 

ii^dirjsct :ef f(sct 

The purif xcation^ and; charab^ 
recombinant igE-Fc fragment s- Mat ;biM^^ high- 
affinity IgE receptor Is described by .flasu et al. , J.. Biol. 
Chem. .269:13118 (1993). These authors -state that the 
sraa'llest. IgE fragment that showed FceRlof binding activity 
spans amino acids 329-547 and lacks- the lehtire Ce2 domain. 
They also reported two active, fragment s> viz. Fee (315-547) 
and Fc€ (329-547) , which were overexpressed . in Chinese 
hamster ovary (CHO) cells and purified, to. :homdgeh^ The 
presence of N- linked glycosylation >as; detected in both 
proteins. 

-It is possible to obtain high levels of expression 
of the. recombinant human IgE-Fc IhlgE-Fc): in E. coli . but 
not to recover more than a small fraction of the desired 
product, a dimer of e -chain fragments with the same affinity 
for receptors as native IgE; this can be attributed to 
incorrect folding and/or aggregation of the bulk, of the 
material in vitro. 



.W095/147791... . .jPCrr7GBS^4^^ " " 

:The strijcture of^.^M 
first .d^t^^rminecl .4^^ , . '^ogiressCdiiiifn^^ 

JJ; vol 'iirp^i^H work> descicili^dii^^^ 

ai > lifev liimunoi;. :55;:45i: >i^li9:7?ji;y^^ Was 

rjBpojSfSed t:h^ is asp^ragMe ;ai^ 

■ aciid>:;ii' corresiiedjf br^^ appearsriri 'EE?^?^!pitO^[fi^ V . 

^.Thfe.-hlgE'-Ffr'^Cjori^ 
sites> a^t Asn .265^. and Asn 371, J&n\38S ;^^ 

(in Ge3) . Three of , .these, Asn 265; Asn 371 and Asri 38'3, are 
predicted, to be on the external surface of the protein 
according to .Heljn et al, Eur. J. Immunol. , 21:1543 (1991) ,. 
while Asn 394 r being homologous to Asn 297 in IgG is 
predicted to-be partially buried in the protein. It has 
also been rep6rted\;€te^^^ the glycosylat ion site at Asn 383 is 
not o6cujrf.ed :iri IgE from a patient (designated, 

"patient. ;ND"):>^^^^^^W^^ e -chain cDNA segueiice is 

immc?ftalised in.^the -hlgE-Fc. expression cbnstrjiicts /reported 
by JCenten e t aiv Pi'bc/ ^2^^^ Acad. Sci. USA &1: 2955 {l^SB^}. 

In WO-A-88/00204 there is described a polypeptide 
residue with a .dhain length of 76 amino acid residues which 
is a competitor for hIgE and binds specif ically :tp: >the so 
called ^ high affinity Fc .receptor sites, for igE (i Fc:eRI 
sites) which iBxist ron human cells, particularly mast cells 
and basophils . . 

A larger- polypeptide chain which binds to :sb called 
"low affinity" receptor (or FceRII) sites is. disclosed in 
wo -A- 8 9/ 04 83 4. 

US-A-4171299 and US-A-4161522 disclose that an 
oligopeptide containing from three to ten amino acids in a 
sequence selected from a portion of amino acids 265 to 537, 
according to the Bennich nomenclature, of the Fc region of 
hIgE will block Fp receptors of mast cells. 

It is an object of the present invention to provide 
novel synthetic polypeptides, related to portions of the 



higE 6f the hIgE- 

?c;;7figa5m vand treatmeiit 0$ " 

alier^Y J conditions;..^ object of the present 

ihyeht^n^^ to provide;, syniti^^ derived 
• ;f rpm. :t he ;ChLain.>df ^i; aggregates 
• l^arg^r: ihan:\:dit^ of "the preterit ; 

inv^t^ which bear . 

glycoside sidfe^. c available sitfes 

of the/Pc? ct^in-pf;'^^^ for 
investigation of and conditions. 
The invention; also :has: f br^ of mutant 

polypeptides related to which have one 

or more of the glycdsylation sites - present on the Fc chain 
of hlgE subs ti tut ed:':by an amncv^iapi^ which cannot be 

giyco^ylatied. 

Accdrding to the jpresent invention there Is 
provided a mutated glycosyia%'ed;:pbly^^ which includes 

a:t least a part of the: hIgE-Pc Vchafin of ^ length to 

bind to FceRI and/or FceMl i^ebeptor sites on human cells 
wherein Cys 225 has been mutat^^diby .replacement with another 
amino acid residue or has been: delated,, options together 
with^Val 224 and: Ser: .2-2;6^ or;^;.with:^Val-224'^ S 226 and Arg 
227,. or with Val 224 Ser 22i5 Arg 227::and Asp 228, and 
wherein at least one o5 the;.sites Asn 394 and, if present, 
Ash 265 and/or Asn 371 bears :ayglycosi^^^^ 

In this speciflcatibnLthe numbering of the amino 
acid residues, except where otherwise indicated, is based 
upon that of Dorrington et al . y ^Iimunological Reviews, 41:3 
(1978) at page 7,. as modified by the results of subsequent 
research. Specifically the numbering of the amino acid 
residues is as follows:- 



'224.. ■ i'^^-'- 'Ty-'^ 

226 SRpli^ "S!?^^^ 
275 MI}\rtDiLgT^^ 

325 TKKCUa)SNPfe'.^GVSA^^ PFDIiFiRKSP-^TITGLVybl^^^ 

375 SRi^GKPVNH: STRIGBEKQ^ GTJLTVTS^ W^CRVTHPR 

425 L?RAI^^ Jd^GPEJ^E 

475 SyQWillN^Q LPDARHSTTQ PRKTKGSGFF .VF EWEQKDEFIC 
525 RAVHEAASPS. QTVQRAVSVN PGK . 

In. this. sequeTC^ 
identif ied, by the usual qrie -^letter syrflbd^ : 



7 - ■ 



Amino acrd 


Three -iet-fe^r 


^ One- letter 




; . : : ^abbir^v^ 


, symbol 


^. .- . . -. 
Aiarxxne 


:;--.AOi:a:\. _ 




U.Argii:nine 


'. ■ ''Arg.';-. 




; Asparagine 




n 


f 'Aspartic acad 




D 


, Asparagine or 




■ . aspartic acid 


Asx 


B 


- Cysteine 


. »Cys- 


C 


: Glut amine 


.Gin 


Q 


G!lmta^ acid 


:Glu 




Glut amine 






or glutamic acid 


Glx 


z 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


lie 


1 


Leucine 


Leu 


L 


Lyisine 


Lys 


K 


.Methionine 


Met 


.M • - 


; Phenylalanine 


Phe,: 


F 


Proline 


Pro 


P 


Serine 


Ser 


S . 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 





The leucine residue (L) identified by an asterisk 
(*) is assigned the number 253A in the above sequence. The 
underlined residues are Gys 225, Asn 265, Asn 371 and Asn 
394. 



The DNA sequence coding for this sequence is set 
out below:- 



CTfenVCy^ TCGTGGG^^G CTTCGCdCCG 

i^cAirraG^ 

<iSCyiiG(in^TO :€AAGftA(S^ TdcbvCCTGC 

GCTGGTGGGG GGGAGGGAGG GGAGAGAAGA GGGGCGGGTG GGCCTCACAC 
AGGCGtGCGG TGTACCAGAG ATTCGAACCG GAGAGGGGTG AGCGGCTAGG 
TAAGGCGGCG CAGGCCGTTG GACCTGTTGA TCCGGAAGTC GCCCACGATG 
ACCTGTGTGG TQGTGGACGT GGGAGCGAGG AAGGGGAGGG TGAACCTGAC 
CTGGTCGCGG GCCT^GTGGGA AGGCTGTGAA CCAGTCGACC AGAAAGGAGG 
AGAAiSCAGCG- GAATC TTAACCGTCA CGTGCAGGGT GCCGGTGGGC 

ACCGGA^CT GGATCGAGGG GGAGAGCTAC CAGTGGACSSG tGACCCACCG 
CqflLCCTGGG(:;fAGGG^^ TGGiSGTGCAG GAGCAAGACC AGCGGTGAGG 

CATGg6gAG6 . CCGiSGGTC^^ GGGGGAAGGG AGGGAGCGAG TGAGCGGGGG 
GGGGGCTGAC GCCACGTCf G GCGAGAGGCC GGGGTGCTGC CCCGGAAGTC 
TATGCGTTTG GGAdGGCGGA GTGGCCGGGG AGCCGGGAGA AGCGCACGGT 
GGCGTGGCTG' ATGGAGAACT TCATGGGTGA GGACAtCTCG GTGGAGTGGC 
TiSCfieAACGA GGTGCAGGTC GCGGAGGGGG GrGCACAGCAG GAGGCAGGGC 
GGGAAGAGCA AGOGGTCGGG GTTGTTCGTG ITCAGG^ TGGAGGTGAG 
GAGGGGGGAA TdlGGAGCAGA AAGATGAGTT CATGTGGGGt GCAGTCCATG 
AGGGAGCGAG GCCGTGAGAG AGGGTGGAGG GAGGGGTGTC TGTAAATCCG 
GGTAAATGAC GTACTGCTGG GTCCGTCGGT GGGAGGGCTC GSTGCAGGTG 
TGCAGTGGGG AGGACTGGCC AGACCTTCTG TCGAGTGTTG CAATGACCGG 
AGGAAGCTAC GGCGAATAAA GTGTGGGTGG TGAGAGCGGC AGTACAGGCA 
TTCTTGGGAG CGGGCAGGGG. 

The codbns in this DNA sequence where mutations are 
introduced in order to produce the polypeptides according to 
the invention are underlined in the sequence. For the 
mutation wherein Gys 225 is replaced by Ala the 
corresponding codon TGC is altered to GCC. In the case of 
the mutations of Asn 265 and Asn 371 to Gin the 
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corresponding codori -i^ ; 

. The •■inyenbiGrt^;,if^ ;wh;i!dii\' 
binds to human immunogiobu^^^^ sites, on 

cells smd which isi dfvitf^ : 

wherein:-. . -.' ■ V-'^'^'^/-;-;;'^^^^ 

RA . re^reserLfcs..^'^^ Xe'isidue • -which ' maty "he ' 

the same as-of^-:di$^e3?^ii^^ whiCh may' •■■ 

be present in th^:m<5i^T||;e^^^^ 

n represents izi^r^^ to -ctbput lb ; 

and ' . r^'y'-'-f^^ 

hIgE-Fc. {WllSy^^^^ ;^ 
mutant version of the tilgE-- Fc chain with a i mutation or 
deletion at least; at 

W225 repre^^hts dei^ta^^^ aiid Gys 225, of 

Val 224, Cys 225 and Ser 226^ oi^^^^ 224, Cys 225, Ser 

226 and Arg 227, or of YslI 22^, ^^^^^^^ Ser 226, Arg 227 

and Asp 228, or represent s-ith^^^^ of an amino acid at 

position 225 other- than^-ty&ti^ 

X265 is the : residue. :;of" acid at position 

265; • • •• • . 

Y371 is the residiie: of an at position 

371; and 

2394 is tlie.tresiduevof: an .'k^ at. position 

394; and wherein at leaist oriis of X265, Y371 and Z394 may be 
an asparagine residue which may ^be glycosylated; 
or a fragment of such a polypeptide which lacks up to 10 
terminal amino acid residues of the Ce4 domain at. the 
carboxy end of the chain. 

In such a polypeptide W225 may represent an alanine 
residue. In a particularly preferred polypeptide X265 
represents a glutamirie residue., Y371 may represent a 
glutamine residue, while Z3a4 may represent a glutamine 
residue. 



■ \ .'^r -^^S'^'riy (Ala- 225-) • ; -^^^ ' 1 

'^^^ (Aia^ ■22:5>; Gin 2.650,- - '"'^ ^ " ' v?-":' 

• ^^^^:-v- '^'/^^ (Ala ^225.;^,Gli>- 3:7^^ 2-.- . ' ; 

' '."I; vi^-;'/ -^^ {Ala -225/ 'Gln-ilfi^if ■ '^^'^ y-,.-^. 

jii^ (Ala 225. Glh 265;,vy6in 371) 

(Ala 225, Girt 2f^B, G]^: 3^5^^^^^ 
•■:;.'^/X^^v^:7#i^^ha:gE^Fc" (Ala 225, Girl: S?!, GM' 39^)^ • 
.; . ; ; AA^-hlgE-Fc (Ala 225, Gin 265, Glri 371, Gin :394) . 

In the above f ormula AA^ preferably- represents an 
inert pblypep tide sequence, for example Asp -lie. 

In the polypeptide the N-terminal sequence 6^^ .the 
j^rxDup ih|g[E-Fc . (W225, X265, Y371, Z394). msty have the 
stanipjture r. ■ 

: • [SEO ID No: 3] 

Asp lie Val Ala Ser Xaa Asp Phe Thr 
where Xaa is the residue of an amino acidv- foir example an 
argiiiinie ^residue. In this case AA^ repre^!eht^ and 
the Ala residue in this sequence is the residue ireplacing 
Cys 225. 

W225 may alternatively represent -del^ion of Val 
224 and Cys . 225,, or of Val 224 Cys 225 Ser 226, or of Val 
224 Cys 225 Ser 226 Arg 227, .or of Val 224 Cys 225 Ser 226 
Arg 22:7 Asp 228. 

The invention also provides a vector containing 
cDNA coding for a polypeptide according to the invention, as 
well as a mammalian cell line, e.g. a human cell line or a 
Chinese hamster ovary cell line, containing DNA coding for a 
polypeptide according to the invention, which expresses such 
a golyipeptide- 

For convenience the mutant version of higE-Fc (Ala 
225) with the additional sequence Asp- lie at the amino end 
of the chain is referred to as X'-hlgE, while the 
corresponding double and triple mutants are also given the 
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^:,Ing,iLu :t;he invent ibn are 

expression Y.ectbi^ tpv secret ion of X» -higE-Fc> and 

the ?mut'arits^X (Gin 3^1) , and^ 

XV -hlgE^Fq jtei^^; 2^6^^ at I^yels- 

UP' tQ ^l'Oify-:!iii^ " 

• ':SSls6v3|^^ •pre;sent . iiiyentibn- * ^ 

are":pha2nirtaieiB^ :.a;>pblypeji>tide- " . 

.according :;t6^^t:heuy^^ ./ Such " 

carriers aria weli^^^^k^^ 

'The . invent ion ;:;proYd!d method for the 

production of a dimeric imm\^ Fc chain fragment by 

expression. in, and secretiori from, mammalian cells. 
Secretion is brpught, about By linking the DNA sequence 
encoding the: Fc fragment of .the- human X* -igE-Fc (hIgE-Fc) or 
a mutant therieof 'tbj a^-k^^ signal sequence . The 

recombinant DNA. can ^be. cl^ mammalian expression 

vectors for ti^ansf ection of CHG (Chinese hamster ovary) or 
NS-0 cells^ ,The^-X> -hlgE-^^^ chain or mutant thereof is 
assembled into dimers/ c processed, and secreted 

from the CHd cfel^si. S are obtained when the 

gene is trans fected^in cell line NS-0, showing 

that the X ^-hlgE-Fc ianci .it s" ir^ be produced in a 

variety ofi.mammaiian c^ils. - 

The siscreted wild type X' -hIgE-Fc contains the full 
sequence of Ce2:-C€4 . with one a^ acid substitution^ 
alanine for cysteine at position 225, and an extension of 
two amino acids (aspartic acid and isoleucine) , which remain 
at the N-,terniirius after cleavage of the leader signal 
sequence from the precursor peptide . The replacement of Cys 
225 by alanine is. believed to be an important feature in the 
design of the X' -hIgE-Fc and its mutants for secretion by 
mammalian cells. The two free cysteine residues are 
predicted to lie apart from each other, but available for 
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react^idri with bthfer fnol^c^itesy^^ o :^t^f sxir^s^ the^ Fe. 
fragment, and hence; ayailablev tiot'^ife 
aggregates. ^ 

Re^combinant X;;:^HigEbrF;fc; by 
expression i^: E . toll . ^he prodli^fe acistimu^ in hhp 

bact^riJam :as-, an- insdlubJ^ in&i/us^ -reigiiiri^ . ■ 

4i'spei:sjal ;in denatur ing . spive vTll^^recovery oE liatave 
stiiruicrture therefore inyoiye&rcdrredt^-^^ of 
dirhers. and disulphide bdnd^ ^ p2rma[t:i<m of. 
recombinant X' -hIgE-Fc . after; the -ia^ these 
procedures is at best abput 5r^^L0^> ' gtit biological 
acfciyity of' the final producti'rs in^ 

native IgE . This low re^covery may yefle^^^ th^ proportion of 
Incorrectly folded and/pr di^uipiii which 
are. eliminated in the purification of t actiye material. 
No evidence for the secretion Of : inactive: proc^^ seen 
in the production of the polypeptides according to the 
invention when secreted f rom CHO or cells. The total 

amount of X'-hlgE-Fc .synthesised.:in GHO cells is less than 
in E. coli (2mg/litre in CHO cells, as against > 55 mg/litre 
in E. coli ) . but with NS^O cells expression is increased to 
a level, (ca 100 mg/litre): higher .than, that obtained in E. 
£2li. 

A secretion system has been reported by JCitai et 
ai., Appl. Microbiol. Biotechnol, 26:52, for the expression 
of assembled IgG-Fc in E. coli , but the yield was lower (3 
mg/litre of culture) than from non- secreting bacterial 
expression systems . This is comparable to the level of 
X"-hIgE-Fc secretion from: CTO cellS: achievable in accordance 
with the invention (i .e . approximately . 2 mg/litre of culture 
supernatant)/ but greatly inferior to the amount accumulated 
by secretion from the NS-0 cell line, 

In contrast to bacterial expression, the mammalian 
expression system allows production of glycosylat ion site 



mutaritsj. - X' -;hIgEr^^^ has been. prepared'::wie&^^ , . ■ - 

Gomb^^iiafc^ this 
-IgE-FG fragment ^itoalYsis d£ transient^: Wxpr^s^ 
reveals; that jAsn^ 26:5 completigly giyG-ci^ that 
Asn.j35?^^^l^ in 
CHO ceil3 . ; ' Tjl^e ;6;stk^^ permanent. .:1^^ expressing 

thfe^ ratjitaht typ^ ' -hlgEi-Pi: and^^ the t riple^itmitant , 
X'^-hIgiE;^Pc(<3lh 2 Gin 371)^, provides material, for; 
biological assaysv 

The serisitisation of human basophils by X' -hlgE-Fc 
and :x» -hlgE-FclGln 2€^5:> Gin 371) provides an assay for 
effector function., Basophils sensitised by each X'-IgE-Fc. 
fragment or I gE show almost identical response to anti-IgE 
stimulation> The small shift in the curve oiE histamine 
release :f r0m IgJS.t PS )> sensitised . cells is presumalply due to 
differences between the interactions of IgE an IgE-Fc 
fragments with the polyclonal anti-IgE> which was raised 
against whole myeloma IgE. These resulti^: iijdfc^e tha^t 
wild type arid mutant recombinant ^hlgE-Fc are :as effective as 
whole XgE invsensitising FceRI of human; basophils for 
histamine release . 

Comparison of wild type X' -hIgE-Fc dhd^ mutant 
products reveals that Asn 371 is rarely glycosylated in 
Chinese hamster ovary cells. Both the doxible mutant, 
X'-hlgE-Fc (Gin 265, Gin :371) , and wild typ.e> X'-hlgE-Fc, 
bind to the high affinity IgE receptor, FceRI, with about 
the same affinity as myeloma IgE (K^ in the range 10^^-10^^ 
M"^) and were able to sensitise isolated human basophils for 
anti-IgE triggering of histamine release. .However, only the 
double mutant,. X»-hIgE-Fc (Gin. 265., Gin 3.71), approached the 
affinity of myeloma LgE for the low^ affinity receptor, 
FceRII (Kg =. 7.3 X io''. M*^) , whereas the wild type, 
X'-hlgE-Fc, bound with a ten-fold lower affinity to the low 
affinity receptor (K^ = 4.1 x 10^ M"^) , 



In '.the':drawiriga:r \ ^ ' - 

y^A-r-y y]}-^^^^ -irep^resentatipn':^ the; - 

iftlgE^moiecuife f ragmeiit s an^ • thiei' 

'r^G^^: '.jkgi^A: '■■damaih^^^ ->:a:%:itfte intLeri^ air and 

;;:jF':igfur^^ ; 
■rel-aLtibhsiii • ch^iin and 

; ./Figure 3 is^ '^^iai^ of. the 

^Cpr^^^pondJ.ng 6i a rnij^s^ by 

ftla 225:,, i . e . X ' -hlgEr^Fc (Mac^ 
tniitated DNA "sequence;; 

Figuore. 4 is a siraiMr repres^jsntati^^ of part of a 
inutatipn with Asn 265 replaced by Gin .265> i.e. X'-hlgE-Fc 
(Ma 225, Glii 265), iand its associated mutated DNA sequence; 

Figure 5 is a similar r^j>resentation of part of a 
mutation with Asn 371 replaced by Gl^^^^^^^ i.e. X'-hlgE-Fc 
. (ilia 22 5 / Gin 37 1 , ; and; its : assoc iat^f d : DNA s equence ; 

Figure 6 is a restrict ion map. illustrating 
cdnstruction of a w vector for the 

pblypeptides .of the inventiori;: 

Figure 7 shows /SDS-pbi^ gel 
electrophoresis patterns of -irarious pblyipeptides which are 
mutations of the hIgE-Fc chairi both under reducing and non- 
reducing conditions; 

Figure 8 shows similar patterris if or purified wild 
type hlgE-Fc and the triple mutation site mutant X'-hlgE-Fc 
(Ala 225, Gin 265, Gin 371) ; and: 

Figure 9 illustrates the effector function of hlgE- 

Fc- 

In more detail Figure l shows the cova lent 
structure of human IgE. The locations of intra -chain and 
inter-chain disulphide bonds. (S-S) in the variable (V) and 
four constant (Cel, Ce2, C€3 and Cc4) domains are shown 




, •^rarigenient'';;o£^ ^X^s'-^i- \ ^ ' -^^ T '-^ " ' 

g3^QSYla.Gd;^ ^^ftsii; ':a-^if ^;ctna:^;fti5.n:' i3-?4 .are' ■ - . 

also: oiridicat^^ • 

iistings.;.aS''-"f olibws^^^ ;■■ ^ V!k:=-- v-^^^^^ '/J ' ' ' ^ ''y 

and . , : 

•and./ ' • " . ' •"■^^i ' • 

v> .TGTGATATGG 
respectively-.; . * , ; 

Although some- authors consi 
between th^ Cil ind G62 domains Vocctirsi between. -Cys 225 aiid 
Se;r .22 6i,. -for the puiposes of' the preis^nt invention tM^ 
boundary is taken as ot^cur ring/ whfe^^ DNA 
intron and exon boundaries , in other words -between.. Ser 223 
and Val 224. This is illustrated in Tigure 2 . 

The construction and expression of a high 
expression vector for X'-hlgE-Fc are. illustrated in Figure 3 
which shows the nucleotide and amino acid sequence .at the 
natural junction between Cel; and. C62.:Qf the human e -chain. 
The li-termiiial portion of the C€2 domain was: reconstructed 
with syrithe tic oligonuciebtide to include the replacement 
of Cys 225 by alanine and. to allow the incorporation of an' 
EcoRV restriction site at the 5 '-end of the. X* -hIgE-Fc .gene*. 
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Arouse variable kappa -chaiiii leader sequencejwas lagated^ t^^ 
this sate. The N-terminal :dipeptide sequende (Asp . lie) b£: 
the mature X^-hlgEr the protedlytic cleavage 

or l^'prqce^ of .the. leader sequence at the position 

marked with an. asterisk- ^ 

\. Figures 4 and 5 indicate sequences of mutagenic ; . 
: bligbnucleo^ pairs. Those of Figure 4, reading, from the 
_ S'^-i-'end- "are : 

[SEQ ID No: 8] 
GGGACTATCC .J«5ATCACCTGm' 

.-and: . . 

[SEQ ID No : 9] , ■ '/ 

CGAGGTGATC TGGATAGT.CC'G 
reapectively,, while- th5s;e:- 6^^ are: 

[SEQ ID No: 10} 
GGGACCGTGC AGCTGACCTG: G 

cuid 

[SEQ ID No: llh ■ - 

CCAGGTCAGG TGGAGiSGTGptG;-^ ^ 
respectively. 

Figure 6 is Ja map of. the expression vector 
pEESHCMVgpt (see Stephehs efc^al . , Nucl . Acids Res. 17:7110 
(1989)) into which the X'-higE-Fc construct was cloned.= 

Figure 7 shows SDS-polyacrYlamide gel 
electrophoresis patterns of transiently expressed X»-hIgE-Fc 
proteins. X ' -hIgE-Fc proteins were transiently expressed in 
biosynthetically labelled LTGIH ;cells . Secreted X • -hIgE-Fc 
proteins were immunoprecipitated from the cell medium with 
anti-hlgE-Fc mAb 7 . 12 described by Sherr et al . , J. Immunol . 
142:181 (1989) coupled to Sephaztiose 4B and was analysed 
under reducing conditions (lanes- Al to A4) and non-reducing 
conditions (lanes Bl to B4) on SDS 10% polyacrylamide gels. 
Lanes Al and B2 show X' -hIgE-Fc ( Gin 265, Gin 371), while 
lanes A2 and Bl show X'^hlgE-Fc (Gin 371) . Lanes A3 and B3 



■ ;:• v'^^j^^s^j.arei:-.!^ * : 

• J';:'- 'I^^-Fi'gur^ -gel 
-^ifectxophores of ^^|purif ieS^ OC^ -^I^E -Fc 

and: thfe\ mutant X -hIgE r Fc- j[dln.^;265|: G The 
,X^'^r^IgEvFc;;^pr7Dt^i 
■;■ 'aflEiinii^-;;]^ 

■ Sephar?5sfev4B:^,^^::E^ under 
reducirig ':eondi tibiis :( lanes :li tb ^ 4 )- atiil^ 
conditibnisf : (lanes 6 to s f 6n^ <3feriatu 

gel . A satt^le of X ' ~hIgE-Fb^expressfe<i ill E cold -was . a 1 an 
electrophoresed for comparison. Lanes 1 and 6 are 
X:';rhIgE-Fc;: <wii;d type) ; lanes 2 and: # :a^ 
2&5^> ■^^<^n^a;;?i^?^r ^ ^and ' 'B^^^^jaiicB-''^ -in e . 

SQii; and l^ne 4 /is a mixture 

stahdax:ds -(fclie ■ m6Iecular \WeiLgh:tis :.bf f ^hte iLri^i^i^ standards 
areyiridicted; ^in^-^^ ' : jO; :L^^^ ' .' ; 

;The^ binding o£ X ' -hIgE-Fc and .mutaiits.^^^ 
investigated. The fratrtion of functional -X'-hi^E-Fc or mutant 
thereof and. IgE (SF25) was deterThined; froTn the pe of 
mblefcules^ fcound to an excess of a stable : linfe.bf: CHO cells 
expressing the human FceRi (CHO-hFceRliK^de^^ wang et al., 

J. Exp.. Misd. 175:1353 (1989), using -the m^^^^^ Isersky et al., 

J. Iimundli^/^n^ (1-974) ... IgEtSF25r is :a recombinant 

chimeric »IgE> with a mouse antitbdy lieafvy .chain var 
region and -a human epsilon constant ;region; :Sequence> and a 
corresponding "mouse light chain.;. The. ^cpncentra^ the 
X' -hIgE-.Fc, of its mutants, and of; IgE (SF2SK used in all the 
assays was corrected for the fraction of functipnai 
molecules > typically in the range of 50-85%.. . . 

Ficpre 9 illustrates the efffecto 
X' -hIgE-Fc proteins. Human basophil leukocytes were 
passively sensitised with IgE (PS) , \.X'':-higE:-Fc fra or 



buff errand chall^^^ various^ concentrations of . : 

:anti:^:lgE::;;antibbd^^^ 
basopfiils senaito^sed^^^ 

:x|^-liIgE;4FG: fate: 2;&5^^^ buf f er;:contioi' ;=wa^ . ; . 

■ p^rb^jitaJige : 'Of :^'^jiiWfean^ ■s>erts4j:1i;e^ed^.-fi^ ^ ;.■ ■ 

basophil' ieukb'cyte;^^^ 'Glia3^i 
anti:^hUtnan igE^ X,y-hl^^^ iJ^^ 

X^>hIgE-Pc (Gin 26^^^ ■i(<^) v IgE(PS) (il; 

non-:Sensit ised ( a)^ 

Mixed leiikocytes containing about 1% basophil, 
leukocytes, were obtained from 120ml of peripheral bipod of , a. 
non- atopic healthy donor as described by Grattan et aL. , 
Clin . Exp.. (IBSl) . The serum^ IgE iev^lri of : 

this donor was .].esi3; tha!h-.l histamine, rei.easle from 

the basophils in- rfesjoonse to^ anti-I^ 6? ! ± 3 ,1% (mean ± 

SD, n ^ 2) , indicating : that they were only- marginally 
sensitised with endogenous IgE: The leukocytes were washed 
twice with: HAG (IffiS ■ ■(1 137 mM NaCl ^ 2 . 7 mM uKCl , 

0 . 4 mM NaH^PO^ , pH 7^ 4 ) ^cont^iriihg^^ 0 human serum albumin 

and 5 mM glucose) ; -The ie were resuspended dn 2ml of 

HAG containing ?4 mM rEDTA in.; the presence of human myelptna 
IgE (PS), X'rhIgE-Sc/^^X^^-:hig^^ 265, Gin 3=71 ^ <5r buff ^ 

oiily> followed-'-by indubatio'n.: at'. 37*>C for 90 minutes, with ..: ; 
gentle shaking. .The: cells> were; washed three times with .HAG, 
resuspended in HAG cohtaihing 2mM CaClj and 1 mM MgCl^ and 
challenged with various dilutions of anti-human IgE antibody 
(goat, e-chain specific, Sigma, UK), as described by Grattan 
et al., Clin, Exp, Allergy 21:695 (1991). BrieflyV aliqupts 
of sensitised cells; (-4 x 10* basophils) were incubated with 
anti-IgE in a total, volume of 200;xl for 40 minutes- at 37 *>C. 
The reaction was stopped by cooling on ice, followed by the 
addition of SOOiLtl of ice-cold HBS to each tube. The. cells 
were separated from the supernatants following 




dentrifugati^ aiid^$he pellet? and 

^ : •"'SuijgfM /delieiTOinMi:^^ 

anaiyi^^s \acGdr<^^ j*. ImmuntJi/ 

;> r ; . V \, The ahyentibn is: f urfe^ in the 

. ^ ^.aV Gcms^r^^ >fecpre3gaSbn..:Vect:ors 

wherefaiVX''./ is:vAsP":i^Ie :.^^ - " ' 

: To express: /X>rh 
. the cDNA seqiieiice encoding the^;-^^^ Fc of IgE^ 

Was :clbned in .a maramal^^ The. ^ntire 

heavy chain gene including the liIgpl^Fc sequence was excised 
from the vector pJJ71 on ja Hin fragment, 
^I-l^is yector pJjyi contains .this: Human e -chain cDNA cloned 
from tire 266bl cell line, as reported by JCenten et al., 
Proc, Natl. Acad. Sci.. USA 79:6661 (1982) , The fragment was 
then subclbned, in the opposite ; orient a^^^^^ back into the 
Hindi Ii; cut pJJTl vector. Ml, the .Ts'equeM coding for the Fc 
fragment, including all. of ithe ee2v Ge3 and Ce4 domains, 
exceptirfor 34 bases at the 5 ' -end, were obtained from a 
Bglll/BamHI digestion fragment of tliis vector. 

The X'-hlgE-Fc cDNA sequerice was adapted for 
secretion by ligating an EcoRI/EcbRV restriction fragment 
containing/ the? B:72..3 mouse hybridon^^^ chain gene 

leader sequence, as described by Whittle et al.. Protein 
Eng. 1:499 (1987) at the S V-end of the Fc coding sequence. 
The light chain gene had previously been mutated to 
introduce an EcoRV site at the 3 '-end of the leader 
sequence. Such a mutation is-. silent and allows the leader 
sequence to be attached to a sequence with an EcoRV 5 '-end, 
while preserving the leader processing site. Comparison of 
the sequences of the natural C6l/Ce2 domain and the 
leader/adapter junctions illustrated in Figures 2 to 5 
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cleavage, or "pr6besSing;i^ .site o^ithe ^leader^^ 
alteration ■■ oft :th^;;f^ . /V' 

The '^rystj^ine^^^ 

alanine . by . rebuilding: ;t end ,pf . the : C e 2 DNA 

sequence with piigpnupreotid^^^ which iriclu<3e a 
for Ala iri pl^ce of a cbdbn coding for Gys 225.. Cys 225 . 
forms ah intra - chain disulp^ k cyisteiihe in Cel 

in IgE, as showit in Pig^ 1.; Sihce- Ciel is note part vof the 
Pg , Gys ,225 may ; c^S^ :d3jsul^ . 
aggregates to form. 

For the; expression of the X V-hlgE-Fc prpteins . the 
entire EeoRl/BamHI leader-^^^^ was cloned into 

EcoRI/BcII-cxit pEE6HGMVgpt Expression vector, as illustrated 
in Figure 6 , . dovmstr^lfm p^^^ the strong viral :huiniah 
cytomegalovirus {hCMV ): promoter pEE6HCiMV^t ;i s the itia j or 
iramediate^eariy prbtnpierv^ex^ hCMV. de^crdbed by 

Stephens et al . , piicJ^ii acids: Res-^ 17 :7110:i :(^989)<i^i^> 
resulting vector was propagated in the dam E. coii strain 
GM242 to prevent : methyl sit i^ restriction site. 

This construct was ^further modified by the 
polymerase chain reactiVDn (PGR) overlap extension method 
described by Ho et al . , Gene 77:51 (1989) to introduce 
glutamine residues in place of the asparagines at positions 
265 and 371. Three mutants were made, two with a single 
substitution at Asn 265 or Asn 371, and a third with 
substitutions at both positions. The oligonucleotides used 
in the PGR cloning of these mutants are shown in Figures 4 
and 5. The four X'-hlgE-Fc fragments are designated 
X*-hIgE-Fc (Ala 225) (single mutant or wild type),, X» -hIgE- 
Fc (Ala 225, Gin 265) (double jnut.ant) and X» -hlgE^E^c (Ala 
225, Gin 371) (doiable mutant); , and X' -hIgE-Pc (Ala 225, Gin 
265, Gin 371) (triple mutant.) . Confirmation of the mutations, 
adapter sequence and its functions was carried out by DNA 



sequencing usijig the chain t ■. 
et al\ r Proc. Nktl. - Acad.' 

•'^?^) ' • ^ — Prop^rt les^ of ^he V pt-oauc^^ e^cpress^oh - . 

in CHb (Chinese hamster ovarv:y^:-c^lii5- ^:- ^ te^^^ ;•■ *:■ '.:■■ 

- ■-■'•Giiin^se -.hamster' ••ovar^-::;'(|!I^ siub-Iiiie^ " 

: ^.CifiE^^ ■•described by'^^bc^i^eti:^^^^ ' • • 

1^; Ji9 :tJr99a) were gtown ^n, iDiiib^c:^^ s 
TOfediuiri.1 jiDMESt) supplemented id^t^c^lfj^ 1 x ribh- 

essianitikl, amino acids iGibco,^ UK) and sertim 
^FCS) . Each of the four X' -htgEWFc :|>r0t^ih ge^ 
transfected into the CHO-L761H cells .Using vcalcium phos^ 
co-iprecipitation by the procediire;. of Gdrni^ DNA Clpning Vol 
II, Glover, ed. Academic Press y NY, page 413 (1985) . Newly 
syhthesised proteins were labelled b jr. - 

tranM^cted cells with t^^sg jmethioriiire: '(Aitiershatri Iiit . , TJK, 
3^P.0^C^ml .at. 37^C) . Secreted ;;hIgfi^*c^^ f xx>ih 

thfe culture supematants 48H:;.:a;f tierwar^s- wit^ ithe 
ahtirlilgE-^Fc: mAb 7.12 of Sherr:/ J. Imimmd:t^^^^ (1:9:$9) 
coupled to Sepharose 4B gel beads: : according to: the 
instruct idhs provided by the mahufa^ UK).. 
The inmunoprjscipitated material^ 
electarophoresis on reducing and non- reducing 
SDS^polyacrylamide gels. 

Stable CHO-L761H cell lines, were: established that 
secreted either wild type or the 265/371 mutant X'-hlgE-Fc, 
i.e. .X'-hlgE-Fc (Gin 265, Gin 371) . .1 x lO^-eells growing 
exponentially in a 9 cm Petri-dish were cb-transf ected with 
10/ig, of . expression vector containing either the parent type 
X'rhlgE-FcCAla 225), pRY20, or the triple mutant X'-hlgE- 
FcCAla 225, Gin 265, Gin 371) , pRY22, and 2^g of a plasmid, 
pEE7SalNeo, containing a G418 antibiotic resistance marker, 
using calcium phosphate co-precipitation. After 24 hours 
cells were detached from the dish by treatment with trypsin 
and diluted into 10 ml of growth medium and plated out over 



. a _ 96 well ;,mit:r6 lOO/ii/weii'. : To e'abh Well ; a 

addedv p4l8-:r^sai^t 

•e>qpMded:%i^ •": 
^were^^ei^ned^^ 

;''7To-^;&d0e .:ui^,#ii^::;ipr^^ of X » -hlgE^pc proteins > 

the c^iF -1 a:nS^j^!w4re^ tdf coiif luency In if ^ cm EtiasJcs/ 

Af tefr^ ^trypsjl :frorn. tiiis^ ^flask were used 

to is^€€id: ty^ and grov^ to cdrif luency ; 

over a ^gbripd ::0^^^ to 
sernumj^iree :g^ s6diuml\ 
butyrate, liheil^' -)^ to accumulate for 4 

days before ha^ies ting medium. 

. In ^acli :cas5e(;the^^X^^ protein was purified 

from cell culturei superiiataht by affinity chromatography on 
an antirhlgEi^Ec^ matrix. The iriAb used 

is described by Sliert} -J. Immunol . 142:481 (1989) . The 
X* -hIgErFc ::prbtein,w^^^^^ the column with O.IM 

glycine-HCl./ ;pHK2:;::5:>^ neutralised with IM 

Tris. /All. preparations were further purified by FPIiC on a 
Pharmiacia<Super0^;ey..a^^^ column in 130, mM NaCl/ 200mM 

Tris-HCl, pH. .8;4.:;, 

The purity of /ithe product was assessed by SDS- 
polyaci^ramide gel .eilectrophpresis in 10% polyacrylamide 
gels using the technic[ue described by Laemmli, Nature 
227:680 (X970)\, J^elis yiere stained with 0.1% Coomassie blue. 
Four autoradiogr:aphy :geis were treated with a fluorographic 
enhancer (Amplify / ^^r^^^ UK), dried under vacuum 

and exposed 'to Fuj;i-RX i f. ilm^^^^ For Western blotting, proteins 
were ele'ctrophoreticeLlly transferred to nitrocellulose 
membranes (Schleiicher and.i Schuell, DasseL, Germany)., blocked 
in 1% casein in PBS, washed in PBS containing 0.01% Tween-20 
and incubated with a mAb 7.12 Fab2-alkaline phosphatase 



congiigate: ^at Gu2iig/mi:i£<!^ wa'shiricr' • ' • 

: with; -PBS, ';the -'Ktpfi'f^^sjv'a^ _ . 

: phosphate .OSigmav^^ti^)'--" 

3 Ofig of puxif^ej^^^^ ;trip3ie:-^ut a X hIgE - Fc (Ala 
225:> Gin 265 , Gin 37;t):^vyas iusfe^ the terminal 

seguencie on an Appiied>^ sequencer 
withran on-line AppIi(e4 Hi6 
; analysis of Pra^amiha^ et 
ai, in: .HMdboo/Cv A. Darbrey, 

ed i7 Wiley & Sons, iChi^j^e^rv (1986)-. 

Concentrations of vX": 4 in culture 

, supernat ants were mGnitored^^^ ELISA 
developed from a sdlid^ Jphase; rs^^ described by 

Vercelli et al., Exp Med 11^ This assay was 

Essentially the saime a;s liliat-^^ et al.. 

Protein .Eng.^ , I:4SS.r4lJ9&7^^^ polyatY maxisbrp 

96 well microtitre plates :(^rnart^^ were coated 

with 2/ig/ml (lOO/il/wel^il' ^pf la^iS^ 

7 ; 12 and 4 , 15 (see Shej^'^is't^^ \ , 142 :481 

(1989). The monoclbhar aii^ to the pldte 

after 1 hour at room temperature; in- 0/lM^^^^^s carbonate 
(pH 9.6) buffer. The plate ;was; then washed three times with 
phosphate buffered saline (PBS)^^^^^ with 0.5% w/v 

casein in O.IM sodiiim carbonate (p^^^^^^ After six 

washes (PBS containing 0.02 5%/ v/yv;Tween '2^^ lOO/il of the 
supematants, diluted in ,PBSV: were added /.to each well and 
incubated for 1 hour at room temperature. (The word "Tween" 
is a trade mark). The plate-was ;>washed as described above 
and lOO/il of 1:1000 diluted rabbit anti-hlgE heavy 
chain-peroxidase conjugate :. (Dakopatts Ltd, Denmark) were 
added to each well to.detect;.XVvT:hIgE-Fc p^r^ bound to 

the 7.12/4.15 mAbs and. incubated for .a further hour at room 
temperature- The wells were, washed again and 100^1 of 
substrate containing 0.1 mg/ml rtetratiiethylbenzidine (TMB) , 



:O . IM-SOC^ pH; 6 , 0>i aaidrvp^.jOpSy 1^ 

^^ere; iadded;tO":e well . Af ten 30 ' minutes ?tihe.ibpfeicai ^ 
-deiisity: ;qfr each^ weir vwa^ dfeteriimied? a^ 63lDiim?l^ ; 
MRSpp] micTO Human my or 

"iilgE^F^fe^^ 

-. of'- .... 

:Pigure '7''^:{ianei3^^ ^o AA)\ show t:lu:ee. specii^^ 
moieftuiar-weiigh^ 45 .and* 50Jd5^. fWeJittu^^ 

weights 'are in accordance wift:h t:he ;preseh<:e ^Sf 38-ikba ■ 
p<3li^ept^Sie:^itca^ from the cuhino acid cornposition) iri 

each of the products plus different ampuhts of! carbohydrate. 
The ^di^cret^ clearly reflect th^ addition of ^one, ..two 

or three pairs of oligosaccharide chains^ ^Ssfeuraing that Asn 
383 is^:not . glycosylated and that the glycbsylatipn occurs 
indfepehdentJty three, sites, it is ;ppssible to make an 

iiieiiitif icatipn 9 products. 

X'=-hIgE-Fc(Ala 225, Gin 265, Glri 371) (Figure 7, 
lane. Ai) migrated' as a single band of aipparent; ^mple'cuiar 
weight 42 kDa, which must represent -X* -hIgE-Fc (Al=a 225) with 
only the .conserved carbohydrate- at Asn 394 . This, is . 
consistent with the observation that the X'-hlgE-Fc protein 
produced in E> coli migrates as a single band of slightly 
higher :.mobility (Figure 8, lanes 3 and 8) X*>^hIgE^Fc (Ala 
225, -Gin 371). (Figure 7, lane A2) also formed a single band 
of apparent molecular weight of 45 kDa, whichois inferred to 
represent polypeptides, with two carbohydrate chains at Asn 
3,94 and Asn 265 . X' ThIgE-Fc{Ala 225, Gin 265).: ^Figure 7, 
lane A3) however, ..gave rise to a major component of 42 kDa,. 
(which,, like X' -hlgE-Fc (Ala 225, Gin 265, Gin; 371) , may have 
only the conserved carbohydrate at Asn 394) and a minor one 
of 45 kDa, glycosylated at both Asn 371 and Asn ,394 , 
Consistent with this interpretation, the Wild type 
X'-hlgE-Fc (Ala 225) (Figure 7, lane A4) migrated as a 
doublet, with a major band of 45 kDa, which may represent 



wo 95/1477? 



PCTyGB94y02561 



\ ":,m5y.:0'e'Ul^ sit.es-,- Aisrt- ^2:6S ' 

:arib Ash; 3^:4 , and -a r;min<Di^^ which may represent 

■ iv J?fate (Ala 225) 

glycosyiate bhly at/:Ain^;3.9^^^^^^^^ suggest : tha:t , o^^^ 

giycosylated, but t that vAjSh!;;^ 

■ lIllvGHO cells.: - • ^ -O-^ir'-"-'-' 

The maj:or' species; in 22:5 , Gin 371) 

arid X » -hIgE-Fc (Ala 225v tGln 265 Gin 371) are both accon^anied 
by a minor satellite band-' o^^^^ molecular 
weigh^t^ ,In!;previous ,st^ it was .found 

jtjtiafe microh^t^rp the treatment of 

C!^13.S ;>yith: tunicam^ 
atfccitdihg tpj l^^ 

(1985)'^ This mi^rol^i^teiyogei^t^^ therefore attributed tt>; 
glycosylation at the orily sit;e/ iofe glycpsylation, hotnolbgous 
t6 Asn 394 in the le-^chain ofklgE;; On- this basis, it i^ 
believed that the satel3;ite. bands in X » -hIgE-Fc (Ala 225.> Gin 
371)- and X' -hIgE-Fc (Ala 225 ;: Gto Glh 371) have a 

similar origin. 

The separations in .iion-reducing gels (Figure 7, 
lanes Bl to B4) showed that .;all^:of the monoraeric 

-hrgE-Pc {Ala 225) species :are assembled into di sulphide . 
linked dimers (lanes 5-8)'. The size distributions suggest 
that when two forms of ^monomer are expressed they assemble 
into both homodimers and heterodimers . Thus, the assembly of 
the X' -hIgE-Fc(Ala 225, Gln/265) gives rise to two species 
(Figure 1, lane B3) of which: the smaller is equivalent to 
the product of X» -hIgE-Fc (Ala 225?: Gin 265, Gin 371) (Figure 
7# lane B2) and thus by inference: a homodimer of the same 
composition, lacking carbohydrate at both Asn 265 and Asn 
371 in both e -chains. The larger component (Figure 7, lane 
B3) is smaller than the dimer formed by X' -hIgE-Fc (Ala 225, 



Gin ;3 71 ) (Figure 7v ^iahe .31) whicKvb'ectrs carbohydrate at 

cpmppnent ( Figure 7 , lane B3>) X tReref of e cpr responds to a - . 
heterodimer, ih-ijwhic^^^ at 
position ;:3'a4.>.nand/l^^ and; ■ 

373:^. The>^rbt;e\irj^ 

X' -hlgE'-Fc{Ala^ 22^5,; Gin 3J1).; (Figure 7., ..ikne BIT confirms : 

tjiat thje\.Asn^26^^^ as- '-^iicel:^^^ 

Example 7. y'/. } v^ ^}^ ^ y 

Production of --hIaErFc fraomerifesvSbv -a cell: lin^ 

Permanent GHO cell lines secreting either the wild 
type: or double mutant- ^X»-hIgE-Fc^^^^^( JX'-. 
hlgE^Fc (Ala..225| and X ' -hIgE-:Fc;(Al^ . 225^ Ql^^^^^^ Gin 371)) 

were lestablished,: and cfell ;il;nei^ni:se^ 
prot^M; with hf gh^ cl^Dtie^d 
dilution,. In - order ^tp , isolate ti^^ cells were 

growii in roller bofeti^s for .4 fSj3t^'::3it: 3 7:?;C;. In a preliminary 
experiment, ' the^ ^acquimiiatioa jfjas 
monitored by electrophoresis 'of haiirve^^ m^ium in SDS 
( sodium dodecyl sulphate )l polyacryiakide gels ■ and Western 
blotting:; : ;It was found that this -IXJ* -^liIgE-Fc ^roteiri^ 
accumulated^ tO" 2mg/i witiid degradation 
products;, as detected by the taidreme^ 

(standardised against piirif ied':t^^ 4 days. 

After this time, the concent ration, of the protein 
decreased, and specific degradation products began to 
accumulate ♦ 
Example 3 

An NS-0 cell line secreting X' -hIgE-Fc (Ala .225, Gin 
265, Gin 371) was also established. . For expression in NS-0 
cells, this X'-hIgE-Fc(Ala 225, .Gln-265^ Glh 371) mutant 
construct was sufacloned intp a pEE6 based expression vector 
containing glutamine synthetase cDNA as a selectable marker 
according to the technique described by Bebbington et al.. 



; . ■ ' : -'v ■^■ ' ■ ■ ■ /. ■ '. 

•exponent ial- .phase^ • : 

; volume; of o;;^^^ From this ;st^ . . 

^f-\ttie/:tiran^eft:t^ 'v-.^ - 

ice. •«)^;Aig-'pf"-i:he- pn^a^ 

together .^with; the -suspension b^^ d,.:4r cm . 

flectropioratibn 

minutes:, Eiectrbporatiqn of^ tlie cells' wa^: periEbrih^d ^us^^ ' A l; - 

Gene Pulser (Bio-kad) using two. cdn^ sec:^.;-;^ua/^es ^ 

of 1500 V at a .capacitance 0|£::3 -/tFir The cuvette was - 
returned to ice for -a further 2-5 minutes before the 
electrbporat.ed cells \^re ac^^ to^4 

media. 30 ml of this was plated out over thtee 96 well 

culture dishes, the rest was diluted a further three times 

by a factor of four. Each dilution was plated out over 

three 96 well culture dishes, . The cel^^^^^ 

recover -overnight and.'t he next day 100 /zl of gD^ 

medium was added to .theucelis. Resistant colonies appeared 

after about four weeks after the addition of selection to 

the transfectied trellsi.; ■ Single colonies able to grow in 

glutamine-free media were screened using the antirhuman igE 

ELISA (see below) and the best producers were eo^anded,. 

A suspension adapted form of this line, growing in 
a serum replacement medium, was able to accumulate up to 
approximately. 10 Omg of product (i.e. X • ~hTgE-Fc (Gin 265, Gin 
per litre of culture supernatant (as determined by the 
aforementioned antir human IgE ELISA, standardised against 
purified X' -hIgE-Fc(Gln .265, Gin 371)) . 

The X»hIgE-Fc proteins were, purified from the 
harvest medium by affinity chromatography on an antl-hlgE-Fc 
matrix and examined for purity by electrophoresis on SDS 
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. the :f (MTnipf 

epnditSitpris ^tndribmers ■ of thB. expjeii^ found . 

■ Example ..^- r . ■ - -y^'-. "' . 

p A!^Q sca^ from NS-O 

cS6;l]^ lln^s re Pf^: ii^ne^t) 

::s\istgei^^ eiilture:.. The iJS^yceii to 
growth in- gDMEM. containing, a 'serum repi::acemen^^ (Cell tech 
Ltid) .T^^ culture the 

cells were grown, in 490 cm^ roller bottles and were 
reglaiail)^^ p before they reaxihied conf 

Adkptatioh to serum repladement med'i^ achieved by 
graduajlljy deducing the prbpbrtion of ^FGS ;ih thfe miedia each 

' ititn^ • t^^: ceils ^ t: grbwings^^ :Sl|BpensS on, ; were^' passctged . The 
s^ipferrictjia^ harjvreisted f c^il6 at the time 

t^t th^ey: b^ conf luent.. ^ - :: ^ ; - 

Nine amino acids were secjueiiced from the N^terminus 
of - X'^hlgE-Fc (Gin 265,. Gin -a?!) and the sequence was 
determined to be: 

: [SEQ ID No: 3] 
. Asp lie Val Ala Ser .Xaa Asp Phe Thr 
The sixth residue, Xaa, which should have been Arg, could 
not rbe^unambiguously assigned. ^A comparison of the observed 
and predicted sequences (Figure 3) indicates that the 
fragment has the correct N-terminal amino acid, consistent 
with accurate leader ' sequence processing. Thus Cys 225 has 
been successfully replaced by Ala, The rest of the 
determined N- terminal sequence is as expected. 
Example 6 

IgE (WT) , i.e. IgE isolated from -a myeloma of a 
particular patient (designated "WT") , -or the. wild type 
XV-hlgE^Fc; or mutant X'-hlgE-Fc protein was labelled with 
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Enzym. , 70 i;^^:':)^^ of /functional^;-- / 

X ' - hIgE - Fc pxpt:j^:o^ ^3i3 ^(ie€exm f rj^ninfih^ . " 

percent:ag^; :ofj,:,^ skoipii^^yif^ j:-'- ^ 

excess .^;6f^fc:ei^e^^ 

^reeoralDihant' ^H^^ -j:. - 

Exp. Med.[,r m5,:k3^t '^(^Si^j2}^!:- ■.[ ThS ;methoa : 6f iJCuifezjfdfci iJr; et 
al., iJ. Exp . :Me<i. r was ii^gd,; Tile ^ 

concentrations bf the X protein and igE (WT) used in 

all. biooding assays wais:^correc:ted; for the fraction pf, ,.. 
functional molecules, typically, in the range of 30 - 70%. 

The affinit^;^o^^^^ i.e. X' -hlgfE-Fo, its 

mutants and lqt,f,Sf2St, for FceRI was. measured f rbtu the- 
forward and reverse -cciJiistahts -f the raties of:, reactipn with, 
cell-bound Fcciiai>^ was^ deteiinih^ fey-^^ 

measuring the concentration of ligand: ijound to celis^^a^ra r 
function of -time f(see iCiilc Jr. et al, Exp. Med, , 

140:1676 (1974)) . : P^^^ program (ORIGIN Ver. 3, 

Microcal Sof tware,.. l^^USA): Was used to obtain the best fit 
to the lequation belpw>;^?relating the bound ligaiid to k^^ and 



-1- 



tRL] = , 



Kl fi'i 



+ k 



-1 



where tRL] is the concentration of receptor-ligand complex, 
[R^J is the total receptor concentration, and [L] is the 
total ligand concentration. The value of k.^^ was determined 
by the method of iCulczycM et al,, J. Exp. Med. 140:1676 
(1974) . 

The kinetics of binding of X'-hlgE-Fc and 
X»-hIgE-Fc(Gln 265, Gin . 371) to FceRI were measured using 
the CHO-hFceRI cell linC For comparison the kinetics of 



t3tife^ ^^ ;^^*bi' Qompa^ of 

BiJnd^iaHbf I irates of 

:^as&pcd:afci IgrE (VTOI -X -lilgE^b • ; aild^^ 265 , 

G3^h 371); were 3.1 ± :0:,3 x lO^ /M^^s^^^^ = 3);, 8.1 ±0.8 x 
1# :M"%'^ (n = 6) / arid 9;9 ±;;i.^^^x^^^^ (n = 4) . The ' 

cdrtesponding rates: of ipiJssbci^^^ 9, 0.2 xnlO'? 

ip-5 iyi-Ji^-r j:fn « 6). (T^blM 

f tpm- the^ average k^^^/knd k^^ va!^^ areLiisted in Table 

i;;^. ■ ' : ' i-y"'^-''-' ■ ' ■. 

Experiraentis weirei; also carried out to measure 
binding :of X' -hIgE-Fc;(Gln 265,- Gin 371^^^^ 1:o FeeRII. 5 x 10^ 
RPMl 8866 cells were added fco^ m^^ [^^^I] -labelled 

I^> .wild type X'-hlgE-Fcy. di^^itiutant:^^ X 265, Gin 

B^i^y afc;2/xg/ml (10 .2' nM aiid^ j2^^^^t^ and 
increasing ,amo\irits of the :uriiabel3^e^^ The amount of 

ceil>bQuhd labelled ligand -was- deteririiM as described above 
for the? F'ceRI binding study; ;TheVK^ ivaluies were -calculated 
from the ICgp values, determined by ribnr linear regression of 
the data (using the GraphPadTlnplot sof tware package) / using 
the. following equation: 

(inhibition constant) = , 10^^/(1 + [■L*]/K^); 
the K. can be assumed to be - the same as , the K, if the 
labelled and unlabelled ligand are the same. Therefore 

[L*] = concentration of labelled ligand, corrected for the 
percentage bindability (as described above) . 
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TABLE ^ 1 



. ' Protein 'assayed • 




>Fc€Rli" 




■ . ■ '♦I r-. . - ■ .. :^ . 








X'-hlgE-Fc 
hlgfi 

, X! -hlgBrPc^ (Cln'265V^.Gln 371) 


3.1±0.3.X 10* (3», 
6.1±O.0 X lb* (6) 
9.9±1.1 X 10* (4) 


0.9±0.2 X io'* (€> 
l.OiO.l X lO'* (6) 
2.0±0.2 X 10[* (6) 


.3.^4 X lo" 
"8.1«X 10^°. 
5.0; XMo". 


7.3i0.6 X:i0^ 
: 4 .1»1.5 X .10^ 
/ 3.2*3.4 x;.l6^ 



2 v.. Thevniimber; of- ^ perf brined -i^ in 

baraGketsi' • "-^^ 

Exanitile 7 

-K^ yaiues for association of IgE/. wild type 
X' -MgErFc a^ .265,;. pin 371) mutant with 

the RPMI 8866 cell' s FC6RII receptor ;wer^^ obtained from 
competition curves.; The . yaiues caicxxlated from the. 
competition curv^es are 4 .1 x 10^ M'^. and 3 x lo^ M"^ for 
X''^-hI§E-I^^^ as 
coToparedi^with' t^ x la"^' M"i^ . f . . 

averaged oyer f our indepeindeht, e^qjerimerits , eae'h performed 
in dupliciate-. 
Example £ 

:Effector function of the wild type X'-hlgE-Fc and 
double mutant recombinant X' -hIgE-Fc (Gin 265, Gin 371) was 
tested by the ability of anti-IgE to trigger histamine 
release from human basophils sensitised with the X'-hlgE-Fc 
proteins. Preliminary experiments showed. that maximal 
histamine release was obtained when cells were sensitised 
with IgEfPS) or X'-hlgE-rFc proteins at concentrations of 
approximately 30nM or higher. The histamine release induced 
by various dilutions of anti-IgE from basophils sensitised 
with 60 nM IgE and the X'-hlgE-Fc proteins was studied. 
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Basophi3.s sensitised with IgE'-and ,the -X^»;-higE-Fc pro.teins 
showed similar response ^curves following" ant i-IgE 
stimulation, whereas only marginal release was observed from 
non- sensitised basophils. The , result: s are plotted^in Figure 
9* Histamine release induced by an optimal -dilution 
(I't.lOOO) of ariti-IgE from cells, fully sensitised with 
IgE(PS), X'-hlgE-Fc and X' -hIgE-Fc (Gin 265, Gin 371) was 
57.5 ± 4.5%, 67.7 ± 5.1% anci 62-0 ± 10.5% (mean ± SD, n=4, 
3, 3), respectively. 



wo. 95/14779 * ... ^ "'^ \r PCT/GB94/0256f 



33 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: . , ^ 

(A) NfiME: Dr. 'c. T.*Eyles,i c/o^W. P. Thompson & Co. 

<B) STREET:' 289-:293 High Holbom 

(C) CITY: London 

(E) COtJNTRY: ^Unitedi Klhg^^ . . 

(F) POSTAL CODE (ZIP) : WCIV 7HU . 

(G) TELEPHONE: .0171-242-3524 . - 

(E) tele|mc::M^ ' ;: 

(I) TELEX: 266801 

(ii) TITLE OF INVENTION:* Polypeptide cbitipetitprs' for IgE receptor 
sites on ceils. 

(iii) NUMBER OP SEQUENCES: 11 

(iv) COMPUTER READABLE .FORM : 

(A) MEDIUM TYPE : Floppy disk 

(B) COMPUTER: IBM PC cbn^atiisle 

(C) OPERATING SYSTEM: PjCr DOS /MS -DOS 

<D) SOFTWARE: ^.atentln Release #1:0, Version #1.30 (EPO) 

(vi) PRIOR APPLICATION. DATA: 

(A) APPLICATION NUMBER: ^GB 9324013.3 

(B) FILING DATE: 22-NOV^ 1993 



(2) INFORMATION FOR SEQ ID NO: 1: 
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SEQUENCE OIARACTERISTXCS: 




(i) 



(A) LENGTH: -323 amino aci'dsh 

(B) TYPE :^ aminos acid^L 
JC) ^STRANDEDNESS: . 

(D) TOPOLOGY: IdLnear ^ 

(ii) MOLECULE TYPE: peptide ^ 



Ciii) 



HYPOTHETICAL:. NO 



(iv) 



ANTI -SENSE: NO 



■ ? 
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(xi) SEQUENCE DESCRIPT^ION: SEQ ID- NO : ' l-rf* - " ' 
Ser Arg Asp Phe Thr- Pro Pro.Thf ^Val Lys ^Ile Leu Gin Ser Ser Cys 

Asp Gly Giy Gly His Phe Pro Pro Thr IlW Gin -Leu Leu Cys Leu Val 

- ■ V20; / 'm^ : " :to • 

Ser Giy Tyr Thr Prq :^iy: 

■ 35 ." _ ..;4Jiv " 

. .Gin Val Met Asp : ValrJ^p:'Leu TPhr GlniGlu^Gly , / 

'"■'■50 55- \[] •"'•.g'a '-; 

Glu Leu: Ala Ser Thr Gin Ser GlU ^Lteii Thry^ L^ Trp 
65 70 \ 75 80 

Leu -Ser Asp. Arg. Thr Tyr Thr Cys/ Gln>yal Thr' i^ Gin Gly His Thr 
85 90 95 

Phe Glu Asp Ser Thr Lys Lys Cys Ala- Asp Ser ,Asn Pro Arg Gly Val 
100 ^105 110 

Ser Ala Tyr Leu Ser Arg Pro Ser Pro Phe Asp lieu Phe lie Arg Lys 
li5 120 125 

Ser Pro Thr lie Thr Cys Leu Val Val Asp. Leu Ala Pro Ser Lys Gly 
130 135 140 

Thr Val Asn Leu Thr Trp Ser Arg Ala Ser Gly Lys Pro Val Asn His 
145 150 .155 160 



Ser Thr Arg Lys Glu Glu Lys Gin Arg Asn Gly Thr Leu Thr Val Thr 
165 170 175 
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Ser Thr Leu .Pro -Val Gly Thr Arg Asp Trp lie Glu Gly Glu Thr Tyr 
180 . 185 ^ " ^ 190 

Gin.Gys Argt Val Thr His Pro 'His Leu_Pro Arg Ala Leu -Met. Arg Ser 

195.; ^ . 200 205 

. . • . -fi. „ ^ - ^ * * I. - 

Thr >Tiir Lys- Thr Ser Gly Pro Arg^ Ala Ala Pro^Glu Val Tyr Ala^Phe 
.210 .215 • ■ ' 220 

Ala Thr Pro Glu Trp Pro Gly -Ser Arg Asp Lys » Arg Thr Leu Ala Cys 
225. 230 235 240 

Leu lie Gin Asn Phe Met Pro. Glu f Asp He Ser Val; Gin Trp Leu His 
245. • ; 250 . • 255 

Asn Glu Val Gin Leu. Pro ..Asp Ala :Arg - His - Ser Thr Thr Gin Pro Arg 
260 265 270 



Lys Thr Lys Gly Ser Gly Phe Phe Val Phe Ser Arg Leu Glu. Val Thr 
275 280 . 285 

Arg. Ala Glu Trp Glu Gin Ly:^ AjspV'Glu Pte^ Val His 

290 295 . 300 

Glu Ala Ala Ser Pro Ser Gin Thr Val Gin Arg aI a Val Ser Val Asn 
305 310 315 320 

Pro Gly Lys 
(2) INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHARACTERISTICS: 
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(A) . LENGTH:- 1^3 OSf^bM • . - 

(B) TYPE: nucleic^ acid',' ' 

(C) STRAlTOEDNESS-r dblUbl^^^^^^^^^ 

(D) TOPOLOGY:^ llriear . 

(ii) MOLECULE TYPE: CDNA , . " 

(xi> SEQUENCE DESCRIPTION: SEO ID^NO : '2;: 
GTCTGCTCCA GGGACTTCAC CCCGGCCACC CT<^^ ^ 60 

GGCGGGCACT TCCCCGCGAC CATCCAGCTG^ CTGTC TCTCTGGGTA CACCCGAGGG 120= 

ACTATCAACA TCACCTOGCT vGGAGGTU^ GTCCACCGCC isioi 

TCTACCACGC AGGAGG6TGA GCIXSGCCTCC -^^ AGCTCACCCT CAGCCAOAAG 2At 

CACTGGCTGT CAGACCGCAC CTAGACCTGC CT^TCACCT ATCAAGGTCA CACCTTTGAG 300 

GACAGCACCA AGAAGTGTGC AGGTACGTTC CGACCTGCCC TGGTGGCCGC CACGGAGGCC 360 

AGAGAAGAGG GGCGGGTGGG CCTCACACAG CCCTCCGGTG TACCACAGAT TCCAACCCGA 420 

GAGGGGTGAG CGCCTACCTA AGCCGGCCCA GCCCGTTCGA CCTGTTCATC CGCAAGTCGC 480 

CCACGATCAC CTGTCTGGTG GTGGACCTGG CACCCAGCAA GGGGACCGTG AACCTGACCT 540 

GGTCCCGGGC CAGTGGGAAG CCTGTGAACC ACTCCACCAG AAAGGAGGAG AAGCAGCGCA 600 

ATGGCACGTT AACCGTCACG TCCACCCTGC CGGTGGGCAC CCGAGACTGG ATCGAGGGGG 660 
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AGACCTJWrai GTGGAGGGTG JWXCa^ 720 
CCAAGACCAG; GGGTGAGCa^v TGGGCAGGCC : GGGGTGGTGG:^:G ■ 780- 

AGCGGGGCeb^OGGCTGtiCCCjCACGT^^ CACAGGGGCG CGTGGTGGCC CGGAAGTGTA 840 
TGCGTTTGGG. AGGCCGGAQT GGGCGGGGAG CCGGGACAAG : 900 
CCAGAACTTC ATGCCTGAGO rACATGTCQGT^GGAGTGGGTGXGAGMCG^ 960 

GGACGGCGGG CACAGCAGGA^GGGAGCCCCG GAAGACCAAG-GGCTCGGGCT TCTTGGTG - 1020' 

CAGCCGGGTG GAGGT6AGCA GGGGCGAATG GGAGCAGAAA GATGAGTTGA^^^^TC 1080' 

AGTCCATGAG GCAGCGteCC -CTIXi^ . 114 0 

TAAAT6A0GT ACtCCTGCCT ;CCd^ ;CAGrrGG(3aAG 1200 . 

GAGTGGCCAG AGCTTCTGTG CAGTGTTGGA ATGACGGCAG GAAGCTAGGC ;CCAATAAACT 1260 

GTGCGTGCTC AGAGGCCCAG TAC?lGGCATT CTTGGGAGGG GGCAGGGC 1308 
(2) INFORMATION FOR SEQ It) NO : 3 : 

(i) SEQX7ENGE CHARACTERISTICS: 

(A) LENGTH:- 9 amino acids: 

(B) TYPE: amino acid 

(C) STRANDEDNESS: • 
<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
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, (xi) SEQUENCE DESCRIPTION: SEQ ^ID NO 

:Asp lie Val -Ala-Ser/ Xaa Asp::Phe 
1 5 

•• - ^ 1 t.. ■ f ■• 

(2)- INFORMATION FOR-SEQ ID: NO: 4 : . t 

(i) SEQUENCE CHARACTERISTICS: 
■(A) LENGTH: 9 amino .acids 
Igjwijiypg. amino acid 

(C) STlbsiNDEDNESS : 

(D) . TOPOLOGY: linear 

.(ii) MOLECmE TVPE: peptide 



(xx) ^SEQUENCE DESGRiPTION; SEQ TD Nd: 

Lys Thr Phe Ser Val Cys Ser Arg Asp 
i 5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ; double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRrPTiqW: SEQ ID NO^;^^ 5 ^ 

. ' IV^'-' . , '■ 

AAAAGCTTCA fGCGT^^ ' ' - : 

(2)' lOTbRMATION FOR SEQ ID. NO: 6t { '\\ ' 

(i) SEQUENCE CHARACTERISTICS::; ■ ; 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid w . , / ■ • - 

(C) STRANDEDNESS: 

(b) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID ! NO r : . . 

■ - Cys Asp lie Val Ala Ser Arg-Aisp. ; '/ 
X 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 24 baae pairs 

(B) TYPE: nucleic acid - 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(xi) ;SEQUENCE DESCRIPTION.. SEQ ID NO 
TOTGATATCG TCGCCTCCAG GGAC . 
(2) INFORMATION FOR SBQ ID- NO: 8: 

(i) SEQUENCE CHARACTERISTICS :v : 

(A) LENGTH: 21 base pairs ^ 

(B) TYPE: nucleic acidr 

(C) STRANDEIDNESS: double t • ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA . 4 . : 



(xi) SEQUENCE DESCRIPTION: . SEQ IDi NO 
GG6ACTATCC AGATCACCTG G ^ 
(2) INFORMATION FOR SEQ ID NO: .9| 

(i) SEQUENCE CHARACTERISTICS : . 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid;. 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(mr .HX?QpiETICAL:fJiNO' 
(iv) ANTi^ SENSE: .NO V 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCAGGtGATC TGOATAGTCC C ;!21 



(2.) INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:. 21 base;;;pairs^ 

(B) TYPE: nucleic acid; 

(C) STRANDEDNESS : double 
«(D) iTGPOIiOGY: linear; 

(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



GGGACCGTGC A6CTGACCTG G 21 



(2) INFORMATION FOR SEQ ID NO: 11: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21. base pairs 
•(B) TYPE: nucleic acid 
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(C) ^STRAITOEDNESS redouble 

(D) TOPOLOGY /linear r 

(iir MOLECULE TYPE: cDNA - 



(xi), SEQUENCE DESCRIPTION: SEQ ID NO: 11: . 
CCAGGTCACSC-'TGiCai^^ [<" f.' '/V ■ 
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1,;. . :A.tnutated giycc^ 

at^ .lei^t a part- of ; th siiffidiierit length to 

bind to 'FceRI and/pr FceRII' re^^ cells 

wherein; Cys 225 has bee^n "mutatje^ another 

cUTvino acid residue or ha?-; beefri':;d^ ^p^tipna^lly: together; 

with Val;. 224 and Ser 2-2S' apd . Arg 227 

or with Val 22A Ser ;22& Arg>^i?l^ aM^ and whefeiin at 

least one of the sites Ash SSii '^n^^^ Asn 265 
aM/or Asn 37^1 bears a glycoside; cli^j^ 



2. A polypeptide whichibinds to human immunoglobulin E 

(hIgE) receptor sites on cells and;. which . is o-f the . formula : 

■:AA^-hIgE-Fc (W2'25> :;X2t^^^^^^^^^^ 
wherein: . . .v ^ 

AA represents an aiTrtih<>^ a^^^ may be 

the same, as or dif ferent f rotn iofc^^ may 
be present in the molecule; 

n represents zero or lari v^Lnt^^er^ffom^ ^1 to about 10; 

and 

hIgE-Fc (W225, X265; "Y371, Z394) represents a 
mutant version of the hlgErPc chain with i:a /mutation or 
deletion at least at position. 2-25;;:.wh(Brein . 

.W225 represents delation of; Val 224 arid Cys 225, of 
Val 224, Cys. 225 and Ser 226; or of Val 224, Gys 225, Ser 
226 and Arg 227, or of Val 224, Cys 225, Ser. 226, Arg 227 
and Asp 228, or represents the: residue of an amino acid at 
position 225 other than cysteine; 

X265 is the residue of ..an aminO; acid , at position 

265; 

Y371 is the residue of ah amino acid at position 

371; and 

Z394 is the residue; of ah amino acid at position 



394 ;! and. vrtierein: at ;i<^ast : 6n(^f=^pf .^X^^ and Z394; may 

an asparkgine residuiB 1^ 

or: a ;'f ra;gment of such, a-pplypepfe^^ up to .10;. . : 

terminal ahiirio acid res idues^^^^^ the 
. carboxy."-end..;of the chain>^•:.^,. t.••^' Jv'■■^ •■^•^^ 

3,, ■ ' A polypeptide' according, rt'o'v^^^ i2y . wherein W225 

represents an alanine resiic3^i^ 

4 . A polypeptide :#3cbiSiiin 3, 

wherein X2 6 5 represents a: 

5. A polypeptide accordih^t to^^a claims 2 to 

4; wherein Y3 71 represents #,gl^ reisidue. 

6.. A polypeptide aGcbrdofngJ tb sgiy one of claims 2 to . 

5, Wherein Z3 94 represents a c(luta^^^ 

7. A polypeptide accbrdingz^rto, el^^ which is 
selected from: 

AA^-hlgE-Fc (Ala 225) 
AAj^-hlgE-Fc (Ala 22'5> Gin 265) 
AAj^-hlgE-Fc (Ala 225v Gin 371) 
AAj^-hlgE-Fc ^Ala 255 ; -Gin- 390 . 
AAj^-hlgE-Fc (Ala 22S, Gin 26.5, Gin 371) 
AAjj-hlgE-Fc (Ala 225, Gin 265, Gin 394) 
AAj^-hlgE-Ec (Ala ;225o:Gln 3-^1 Gin 394) 
AAj^-hlgE-Fc (Ala 225,. .Gin 265; Qln 371, Gin 394) 

8, A polypeptide according to any one of claims 2 to 
7, wherein AA^^ represents an inert polypeptide sequence . 



9 A polypeptide according to any one of claims 2 to 

8, wherein AA^^ represents Asp-Ile-. 



lb , . A; pblypeptide:^;ac^ 

9 , wherein thfe N- termmal-^isegpi - y-: k 

• Asp' • tie Vcti- A^a i^^S^I^^J^ : 
. where- 'Xaa is the J;res±due- r^^ 

: . A. polypeptide j'accprii^ 

an arginine residue . 

12 . A pblypeiptide accorSiTigito claim 2 , wherein W2 2 5 

represents the deletion bf Val 224; and; G!^ 225, of Val. 224; 
Cys 225 and Ser 226, or ot Val 224> Ser 226 and Axg • 

227. 

13. DNA coding f or or .a ppii^^ according to any 
one of claims 1 to 12, . ^ 

14. A host vector 'cpnt£tinirig;;G^ for a 
polypeptide according tp^^ani^:^^ . 

15 . A mammalian ceil Ilne-,,c6ixtaahing DNA. according to 
claim 13 

16. A pharmaceutical preparation comprising a 
polypeptide according to any one of claims 1 to 12 and a 
carrier therefor. 




SUBSnTUTE SHEET (RULE 26) 



wo 95/14779 " . ^ _ . . . PCr/GB94/oai51i 



5' 



2^/4 



NaturafC g 1/Cg 2t junt^on: 



LYS THR PHE SER / VAL CYS SER ARG ASP. 
AAA-ACC ,TTC ,AGC I, GTC -TGC TCC AGG GAC 



FIG. 2 



Leader sequence-adapter/Cg 2 junction: 

■«:-:■ 225 ■ 

MET. . . .CYS: ASP ILE: / tVAL ALA SER ARG ASP. 
ATG. . . .TGt GAT ATC / GTC GCC TCC AGG GAC. 



Eicb RV 

FIG. 3 

Asn 265— -Gin 265: 



GGG ACT ATC GAG AXC ACC TGG 
CCC TGA TAG GTC TAG TGG ACC 



FIG. 4 



Asn 371 — -Gin 371: 



GGG ACQ GTG CAG CTG ACC TGG 
CCC TGG CAC GTC GAC TGG ACC 



FIG. 5 RECTIFIED SHEET (RULE 91) 
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